This historically signifi cant real-life application of a cryptographic
coding technique, which incorporates fi rst-year algebra and geometry, makes mathematics come alive in the classroom.
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WHO SHOULD HAVE THE CODE?
After World War II, tensions between the United States and the Soviet Union ran high. The period known as the Cold War saw a proliferation of nuclear weapons by both powers (Schroeer 1984) . Luckily, both were concerned with the question of who should and who should not have the ability to launch these destructive weapons. This question remains relevant today, considering the development of Iran's nuclear program and the threat it poses to stability in the Middle East. After giving some brief historical background, I ask students to imagine that they are in charge of distributing the launch codes for the United States. They then have a few minutes to think about how they would handle the situation. During the ensuing class discussion, students find many legitimate issues when it comes to protecting the launch codes.
cking Codes Launching ockets I typically devote eight to ten minutes to this initial brainstorming discussion. Some students may sit silently for the first two minutes, but, by the latter part of the conversation, most are engaged with the task. At this point, the class summarizes its ideal system. The goal is to create a system in which no one individual has enough information to launch the missile. Further, more than just two people should possess enough information so that, if any two of them get together, those two have the ability to launch the missile.
ALGEBRA, GEOMETRY, AND THE TWO-PERSON RULE
The first key idea needed is the geometric axiom that any two points determine a line. Although almost all the students will already understand this idea, it is critical to this application. In introducing the axioms in a geometry class, teachers could use this lesson as a way to engage students with a historically significant, real-life problem whose solution relies on an axiom.
If several people are given coordinates of a point on the same line, none will be able to find an equation of the line with only his or her coordinates. However, any two of these people will have the ability to determine the equation of the line that extends between their two points. It does not matter which two people share their knowledge; all the points are on the same line. Thus, we create a framework in which one person does not have enough information to do anything, but any two persons can share their knowledge to construct something useful. This technique allows the class to choose multiple high-ranking officials such that any two can join forces to launch the missiles. Now that students have an idea of how to design a system whereby a number (the launch code) can be hidden, they still need a way to implement this system. This is where algebra comes in. Each person is given the coordinates of a point in the Cartesian plane. Once two of the people meet, they can use their points to find a slope and then use one of the points and the slope to find the equation of the line. The line has already been designed so that the y-intercept is the launch code. In this ingenious design, students make connections between mathematical ideas, an element of NCTM's Connections Standard (NCTM 2000) .
I then introduce the term two-person rule, which is the proper term for the cryptographic procedure (Trappe and Washington 2006) . The use of the two-person rule can be seen in movies such as The Sum of All Fears, The Hunt for Red October, and WarGames. If a teacher has access to these movies, presenting the appropriate clip will help engage students.
Many students' first thought is to give only the U.S. president the ability to launch the missiles. However, during the conversation, students come to realize that if only the president is given the launch codes and something happens to him or her, then the codes will be lost; no one else will be able to launch the missiles. As a result, some students typically suggest that three or four of the most important people in government should be given the launch codes-for example, the president, vice president, and the joint chiefs of staff, among others.
Although expanding the number of people who have the codes does decrease the possibility of losing the launch codes altogether, a more disastrous scenario could arise. One of the many people with the launch codes might defect to or be captured by the other side, which could use these missiles to attack the United States. At this point, typically a few students will state that it is unwise for one person to have the sole ability to launch a missile. Now, the class has to decide how to give more than one person information that would require at least any two people to launch a missile. Some students may suggest giving each of the two people half the launch code. However, having only two people with the code still creates problems. If one person decides to defect, is captured, or dies, a missile still cannot be launched. To resolve this problem, another student may suggest that there should be four people, two with half the launch code and two with the other half. Although this suggestion addresses the issue of being unable to launch the code if only one person defects, it still requires one person from each group to be present to launch the missiles, which is less than desirable because the goal is for any two of the important people to be able to launch the missile together.
Clearly, as the class discusses how to divide the launch code, the problem proves to be much more complicated than students may have originally thought. At this point, the problem of protecting the launch codes may not have been resolved. However, through the brief classroom conversation, the students are doing some valuable work. The situation leads them to solve a problem in a nonmathematical context and communicate their solution strategies to their peers and teacher, thus addressing NCTM's Problem Solving and Communication Standards (NCTM 2000) . Further, as the discussion motivates the class to devise improved strategies, students persevere in problem solving, which is the first Standard for Mathematical Practice in the Common Core State Standards (CCSSI 2010). U.S. president the ability to launch the missiles. However, during the conversation, students come to realize that if only the president is given the launch codes and something happens to him or her, then the codes will be lost; no one else will be able to launch the missiles. As a result, some students typically suggest that three or four of the most important people in government should be given the launch codes-for example, the president, vice president, and the joint chiefs of staff, among others.
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Suppose that the launch code is 1234. I ask a student to pick a slope from 5 to 15. The most common student choice of slope is 7. Using this number, I write the equation y = 7x + 1234 on the board, stating that all the points will come from this line. I then pick five x-values and find the corresponding y-values. For instance, I write the following five points on the board: (5, 1269), (-3, 1213) , (-7, 1185) , (8, 1290) , and (7, 1283). Then I pick five volunteers to be the people who have some information about the launch code, and I give each only one of the points. I then erase the original equation.
Students then discuss whether or not any of the five people can find the equation of the line on his or her own. Students typically see that none of them, individually, has enough information. Next, the class decides which two students should launch the missile, and those two work on the board to find their slope and the resulting equation. Their work produces the previously erased equation, y = 7x + 1234, leading to the chosen launch code of 1234.
At this point, some students will object, claiming that whoever gives out all the points already knows the launch code. However, to prevent this situation in real life, a computer would randomly generate both the launch code and the slope. The computer would store the launch code in the appropriate place and print out five points, so that no one person knows the code.
THE LAUNCH CODE ACTIVITY
After about fifteen to eighteen minutes with the activity above, students are typically intrigued by and engaged with the lesson. A next exercise can be to give each student a point and a partner and have the two of them find a launch code; this exercise would be somewhat uninteresting but could be used if time is limited. A better exercise is to give each student the coordinates of a point and tell students that they each have a launch partner in the class. They will know that they have found their partner when the slope between their two points is an integer between 1 and 10.
What the students do not know is that the coordinates are designed so that there are only five unique lines, one per column, each with a slope of 6 (see fig. 1 ). As a result, each student may have more than one launch partner, depending on class size. For example, with twenty-four students, the teacher could distribute six pairs from each of the first two columns of the chart in figure 1 and four pairs from each of the last three columns, giving a total of twenty-four points. However, once any two of the six people from the first column find each other, they will be launch partners.
If the number of students is odd, the teacher can become the extra person but have the students do all the calculations to check whether they are launch partners. As students begin to find partners, other students have fewer people to check with; eventually, almost everyone finds a launch partner. Usually, almost all twenty-four students will find their launch partner within ten to fifteen minutes.
The choice for the slope of the integer value 6 enables quicker location of a launch partner. With multiple slopes of different values, there is a slight chance that a pair of students will find one of the possible correct slopes using two points from different lines. Because of this possibility, I use the same integer slope for each line.
Although negative slopes can be used, I recommend against using fractional slopes. Students may have problems with rounding, causing difficulty in finding an exact launch code. Further, the real-life application of the two-person rule uses integers (typically large primes) and modular arithmetic. Hence, the application itself uses all integers.
One by-product of this lesson is the practice students get in finding the slope between two points. Students typically work with at least two and often many more students to find the slope between two points as they try to find their launch partners, repeating the process as many times as required to find the integer between 1 and 10. Further, after trying multiple points, some students develop some intuition. Knowing that they are looking for a slope between 1 and 10, they can often look at another student's point and decide quickly whether it will work or not. One student will often be overheard explaining to another that the difference in their x-values will be a small number but that the difference in their y-values will be a large number; as a result, the ratio of the differences of the y-values to the x-values cannot be an integer between 1 and 10. Such interaction-as students apply the slope formula while using their number sense to estimate a ratio and make a conclusion based on all this information-is always one of the best parts of the lesson and is highly representative of NCTM's focus on reasoning and sense making (NCTM 2000) . Further, as two students explain their thought processes, other students understand why they are able to deduce quickly that the pair are not launch partners. This understanding connects with NCTM's Communication Standard as well (NCTM 2000) . Students construct viable arguments and critique the reasoning of others as well as attend to precision-the third and sixth Standards of Mathematical Practice of the Common Core State Standards (CCSSI 2010).
Once a student finds his or her launch partner, the two must find the equation of the line. After they have found the equation, they must report their launch code (y-intercept) to the teacher, who will verify that it is correct. If it is incorrect, the students are asked for the slope that they found. If their slope is 6, they are asked to find their equation again more carefully. If the slope is not 6, it will typically be a noninteger between 1 and 10 or an integer greater than 10. Thus, students' misunderstanding about what the slope is can be clarified, and the pair can be asked to keep looking for their launch partners.
EXTENSION: CONVERTING LETTERS TO NUMBERS
Students who find their launch partners early can be informed that this problem has another level. In cryptography, letters are often replaced by their numerical value (A = 01, B = 02, …, Z = 26). Ask students to convert their launch code to a twoletter combination. From the coordinates in figure 1 , the five launch codes are 1318 (MR), 1609 (PI), 1907 (SG), 1805 (RE), and 120, or 0120 (AT), which spells MR P IS GREAT. A teacher can adjust the message by choosing a saying, converting the letters to numbers, and making these the y-coordinate of the y-intercepts of different lines.
For instance, if a teacher would rather use the message MATH IS COOL, he or she could convert two-letter combinations (MA = 1301, TH = 2008, IS = 0919, CO = 0315, OL = 1512) and use these numbers as the y-intercepts of different lines, all with the same slope. Then the teacher would simply pick unique x-values, finding y-values from the different lines, until he or she has enough points for everyone in a class. This exercise adds another level of intrigue and interest that can be explored, especially if all students finish early.
A LESSON FOR EVERYONE
Students find this lesson both interesting and engaging. They enjoy the historical aspect of the Cold War. However, some teachers do not like the idea of integrating a war scenario into their mathematics class. Luckily, the two-person rule has other applications, including banking and IT security. However, the war scenario is historically accurate, giving credence to the applicability of the mathematics. Further, students are less interested in and less knowledgeable about banking or IT security than they are about World War II and the Cold War.
Students are intrigued by the idea of cracking codes. In this activity, disaffected students engage with classmates in an attempt to find a launch code. I have even had students who, months after the class, ask, "Can we find launch codes again today?" Connecting history, geometry, algebra, and cryptography makes this an interesting and enjoyable lesson for all students.
